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HETEROARYL SUBSTITUTED 
PYRAZINYL-PIPERAZINE-PIPERIDINES 
WITH CXCR3 ANTAGONIST ACTIVITY 

REFERENCE TO PRIORITY APPLICATIONS 

This Application claims the bene?t of US. Provisional 
Application Ser. No. 60/653,477 ?led Feb. 16, 2005, Which is 
incorporated herein in its entirety by reference. 

FIELD OF THE INVENTION 

The present invention relates to novel substituted pyraZi 
nyl-piperaZine-piperidines With CXCR3 antagonist activity, 
pharmaceutical compositions containing one or more such 
antagonists, one or more such antagonists in combination 
With other compounds With chemokine activity, one or more 
such antagonists in combination With knoWn immunosup 
pressive agents, non-limiting example(s) include Methotrex 
ate, interferon, cyclosporin, FK-506 and FTY720, methods of 
preparing such antagonists and methods of using such 
antagonists to modulate CXCR3 activity. This invention also 
discloses methods of using such CXCR3 antagonists for the 
treatment (non-limiting examples include palliative, curative 
and prophylactic therapies) of diseases and conditions Where 
CXCR3 has been implicated. Diseases and conditions Where 
CXCR3 has been implicated include but are not limited to 
in?ammatory conditions (psoriasis and in?ammatory boWel 
disease), autoimmune disease (multiple sclerosis, rheuma 
toid arthritis), ?xed drug eruptions, cutaneous delayed-type 
hypersensitivity responses, type I diabetes, viral meningitis 
and tuberculoid leprosy. CXCR3 antagonist activity has also 
been indicated as a therapy for tumor groWth suppression as 
Well as graft rejection (allograft and Zenograft rejections for 
example). 

BACKGROUND OF THE INVENTION 

Chemokines constitute a family of small cytokines that are 
produced in in?ammation and regulate leukocyte recruitment 
(Baggiolini, M. et al., Adv. Immunol., 55: 97-179 (1994); 
Springer, T. A., Annu. Rev. Physio, 57: 827-872 (1995); and 
Schall, T. J. and K. B. Bacon, Curl: Opin. Immunol, 6: 865 
873 (1994)). Chemokines are capable of selectively inducing 
chemotaxis of the formed elements of the blood (other than 
red blood cells), including leukocytes such as neutrophils, 
monocytes, macrophages, eosinophils, basophils, mast cells, 
and lymphocytes, such as T cells and B cells. In addition to 
stimulating chemotaxis, other changes can be selectively 
induced by chemokines in responsive cells, including 
changes in cell shape, transient rises in the concentration of 
intracellular free calcium ions ([Ca2+]i), granule exocytosis, 
integrin upregulation, formation of bioactive lipids (e.g., leu 
kotrienes) and respiratory burst, associated With leukocyte 
activation. Thus, the chemokines are early triggers of the 
in?ammatory response, causing in?ammatory mediator 
release, chemotaxis and extravasation to sites of infection or 
in?ammation. 

The chemokines are related in primary structure and share 
four conserved cysteines, Which form disul?de bonds. Based 
upon this conserved cysteine motif, the family can be divided 
into distinct branches, including the CiXiC chemokines 
(ct-chemokines) in Which the ?rst tWo conserved cysteines 
are separated by an intervening residue (e.g., IL-8, IP-10, 
Mig, I-TAC, PF4, ENA-78, GCP-2, GROot, GROB, GRO6, 
NAP-2, NAP-4), and the C4C chemokines ([3-chemokines), 
in Which the ?rst tWo conserved cysteines are adjacent resi 
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2 
dues (e.g., MIP-lot, MIP-1[3, RANTES, MCP-1, MCP-2, 
MCP-3, I-309) (Baggiolini, M. and Dahinden, C. A., Immu 
nology Today, 15: 127-133 (1994)). Most CXC-chemokines 
attract neutrophil leukocytes. For example, the CXC 
chemokines interleukin 8 (IL-8), GRO alpha (GROot), and 
neutrophil-activating peptide 2 (NAP-2) are potent chemoat 
tractants and activators of neutrophils. The CXC-chemokines 
designated Mig (monokine induced by gamma interferon) 
and IP-10 (interferon-gamma inducible 10 kDa protein) are 
particularly active in inducing chemotaxis of activated 
peripheral blood lymphocytes. CC-chemokines are generally 
less selective and can attract a variety of leukocyte cell types, 
including monocytes, eosinophils, basophils, T lymphocytes 
and natural killer cells. CC-chemokines such as human 
monocyte chemotactic proteins 1-3 (MCP-1, MCP-2 and 
MCP-3), RANTES (Regulated on Activation, Normal T 
Expressed and Secreted), and the macrophage in?ammatory 
proteins 10. and 1B (MIP-IO. and MIP-1[3) have been charac 
teriZed as chemoattractants and activators of monocytes or 
lymphocytes, but do not appear to be chemoattractants for 
neutrophils. 
A chemokine receptor that binds the CXC-chemokines 

IP-10 and Mig has been cloned and characterized (Loetscher, 
M. et al., J Exp. Med., 184: 963-969 (1996)). CXCR3 is a 
G-protein coupled receptor With seven transmembrane-span 
ning domains and has been shoWn to be restrictively 
expressed in activated T cells, preferentially human Th1 cells. 
On binding of the appropriate ligand, chemokine receptors 
transduce an intracellular signal through the associated 
G-protein resulting in a rapid increase in intracellular calcium 
concentration. 
The receptor mediates Ca2+ (calcium ion) mobilization and 

chemotaxis in response to IP-10 and Mig. CXCR3 expressing 
cells shoW no signi?cant response to the CXC-chemokines 
IL-8, GROot, NAP-2, GCP-2 (granulocyte chemotactic pro 
tein-2), ENA78 (epithelial-derived neutrophil-activating pep 
tide 78), PF4 (platelet factor 4), or the CC-chemokines MCP 
1, MCP-2, MCP-3, MCP-4, MIP-Iot, MIP-1[3, RANTES, 
1309, eotaxin or lymphotactin. Moreover, a third ligand for 
CXCR3, I-TAC (Interferon-inducible T cell Alpha Chemoat 
tractant), has also been found to bind to the receptor With high 
a?inity and mediate functional responses (Cole, K. E. et al., J. 
Exp. Med., 187: 2009-2021 (1998)). 

The restricted expression of human CXCR3 in activated T 
lymphocytes and the ligand selectivity of CXCR3 are note 
Worthy. The human receptor is highly expressed in IL-2 acti 
vated T lymphocytes, but Was not detected in resting T lym 
phocytes, monocytes or granulocytes (Qin, S. et al., J. Clin. 
Invest., 101: 746-754 (1998)). Additional studies of receptor 
distribution indicate that it is mostly CD3+ cells that express 
CXCR3, including cells Which are CD95", CD45RO+, and 
CD45RAZOW, a phenotype consistent With previous activation, 
although a proportion of CD20+ (B) cells and CD56+ (NK) 
cells also express this receptor. The selective expression in 
activated T lymphocytes is of interest, because other recep 
tors for chemokines Which have been reported to attract lym 
phocytes (e.g., MCP-1, MCP-2, MCP-3, MIP-10t, MIP-1[3, 
RANTES) are also expressed by granulocytes, such as neu 
trophils, eosinophils, and basophils, as Well as monocytes. 
These results suggest that the CXCR3 receptor is involved in 
the selective recruitment of effector T cells. 
CXCR3 recogniZes unusual CXC-chemokines, designated 

IP-10, Mig and I-TAC. Although these belong to the CXC 
subfamily, in contrast to IL-8 and other CXC-chemokines 
Which are potent chemoattractants for neutrophils, the pri 
mary targets of IP-10, Mig and I-TAC are lymphocytes, par 
ticularly effector cells such as activated or stimulated T lym 
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phocytes and natural killer (NK) cells (Taub, D. D. et al., J. 
Exp. Med, 177: 18090-1814 (1993); Taub, D. D. et al., J. 
Immunol., 155: 3877-3888 (1995); Cole, K. E. et al., J. Exp. 
Med, 187: 2009-2021 (1998)). (NK cells are large granular 
lymphocytes, Which lack a speci?c T cell receptor for antigen 
recognition, but possess cytolytic activity against cells such 
as tumor cells and virally infected cells.) Consistently, IP-10, 
Mig and I-TAC lack the ELR motif, an essential binding 
epitope in those CXC-chemokines that e?iciently induce 
neutrophil chemotaxis (Clark-Lewis, I. et al., J. Biol. Chem. 
266: 23128-23134 (1991); Hebert, C.A. et al., J. Biol. Chem, 
266:18989-18994 (1991); and Clark-Lewis, 1. et al., Proc. 
Natl. Acad. Sci. USA, 90: 3574-3577 (1993)). In addition, 
both recombinant human Mig and recombinant human IP-10 
have been reported to induce calcium ?ux in tumor in?ltrating 
lymphocytes (TIL) (Liao, F. et al., J Exp. Med, 182: 1301 
1314 (1995)). While IP-10 has been reported to induce 
chemotaxis of monocytes in vitro (Taub, D. D. et al., J Exp. 
Med, 177: 1809-1814 (1993), the receptor responsible has 
not been identi?ed), human Mig and I-TAC appear highly 
selective, and do not shoW such an effect (Liao, F. et al., J. 
Exp. Med, 182: 1301-1314 (1995); Cole, K. E. et al., J. Exp. 
Med, 187: 2009-2021 (1998)). IP-10 expression is induced in 
a variety of tissues in in?ammatory conditions such as pso 
riasis, ?xed drug eruptions, cutaneous delayed-type hyper 
sensitivity responses and tuberculoid leprosy as Well as 
tumors and in animal model studies, for example, experimen 
tal glomerulonephritis, and experimental allergic encephalo 
myelitis. IP-10 has a potent in vivo antitumor effect that is T 
cell dependent, is reported to be an inhibitor of angiogenesis 
in vivo and can induce chemotaxis and degranulation of NK 
cells in vitro, suggesting a role as a mediator of NK cell 
recruitment and degranulation (in tumor cell destruction, for 
example) (Luster, A. D. and P. Leder, J. Exp. Med, 178: 
1057-1065 (1993); Luster, A. D. et al., J. Exp. Med. 182: 
219-231 (1995); Angiolillo, A. L. et al., J. Exp. Med, 182: 
155-162 (1995); Taub, D. D. et al., J. Immunol., 155: 3877 
3888 (1995)). The expression patterns of IP-10, Mig and 
I-TAC are also distinct from that of other CXC chemokines in 
that expression of each is induced by interferon-gamma 
(IFN6), While the expression of IL-8 is doWn-regulated by 
IFNF) (Luster, A. D. et al., Nature, 315: 672-676 (1985); 
Farber, J. M., Proc. Natl. Acad. Sci. USA, 87: 5238-5242 
(1990); Farber, J. M., Biochem. Biophys. Res. Commun., 192 
(1): 223-230 (1993), Liao, F. et al., J. Exp. Med, 182: 1301 
1314 (1995); SeitZ, M. et al., J. Clin. Invest., 87: 463-469 
(1991); Galy, A. H. M. and H. Spits, J. Immunol., 147: 3823 
3830 (1991); Cole, K. E. et al., J Exp. Med, 187: 2009-2021 
(1998)). 

Chemokines are recognized as the long-sought mediators 
for the recruitment of lymphocytes. Several CC-chemokines 
Were found to elicit lymphocyte chemotaxis (Loetscher, P. et 
al., FASEB J., 8: 1055-1060 (1994)), hoWever, they are also 
active on granulocytes and monocytes (Uguccioni, M. et al., 
Eur J Immunol., 25: 64-68 (1995); Baggiolini, M. and C. A. 
Dahinden, Immunol. Today, 15: 127-133 (1994)). The situa 
tion is different for IP-10, Mig and I-TAC, Which are selective 
in their action on lymphocytes, including activated T lympho 
cytes and NK cells, and Which bind CXCR3, a receptor Which 
does not recogniZe numerous other chemokines and Which 
displays a selective pattern of expression. 

In vieW of these observations, it is reasonable to conclude 
that the formation of the characteristic in?ltrates in in?am 
matory lesions, such as, for example, delayed-type hypersen 
sitivity lesions, sites of viral infection and certain tumors is a 
process mediated via CXCR3 and regulated by CXCR3 
expression. Lymphocytes, particularly T lymphocytes, bear 
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4 
ing a CXCR3 receptor as a result of activation can be recruited 
into in?ammatory lesions, sites of infection and/or tumors by 
IP-10, Mig and/or I-TAC, Which can be induced locally by 
interferon-gamma. Thus, CXCR3 plays a role in the selective 
recruitment of lymphocytes, particularly effector cells such 
as activated or stimulated T lymphocytes. Accordingly, acti 
vated and effector T cells have been implicated in a number of 
disease states such as graft-rejection, in?ammation, rheuma 
toid arthritis, multiple sclerosis, in?ammatory boWel disease 
(such as Crohn’s disease and ulcerative colitis) and psoriasis. 
Thus, CXCR3 represents a promising target for the develop 
ment of novel compounds having valuable pharmacological 
properties. 

Reference is made to PCT Publication No. W0 93/ 10091 
(Applicant: Glaxo Group Limited, Published May 27, 1993) 
Which discloses piperidine acetic acid derivatives as inhibi 
tors of ?brinogen-dependent blood platelet aggregation hav 
ing the formula: 

An illustrative compound of that series is: 

Reference is also made to PCT Publication No. WO 
99/20606 (Applicant: J. Uriach & CIA. S.A., Published Apr. 
29, 1999) Which discloses piperaZines as platelet aggregation 
inhibitors having the formula: 

H? 

R1 

Reference is also made to US Patent Application No. US 
2002/0018776 A1 (Applicant: Hancock, et al. Published Feb. 
14, 2002) Which discloses methods of treating graft rejection. 

Reference is also made to PCT Publication No. WO 
03/098185 A2 (Applicant: Renovar, Inc., Published Nov. 27, 
2003) Which discloses methods of diagnosing and predicting 
organ transplant rejection by detection of chemokines, for 
example, CXCR3 and CCL chemokines in urine. 

Reference is also made to PCT Publication No. WO 
03/082335 A1 (Applicant: Sumitomo Pharmaceuticals Co. 
Ltd., Published Oct. 9, 2003) Which discloses methods of 
screening a CXCR3 ligand and methods of diagnosing type 2 
diabetes by detecting the expression dose of a CXCR3 ligand 
in a biological sample. 

Reference is also made to PCT Publication No. WO 
02/085861 (Applicant: Millennium Pharmaceuticals, Inc. 
Published Oct. 31, 2002) Which discloses imidaZolidine com 
pounds and their use as CXCR3 antagonists having the for 
mula: 
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An illustrative compound of that series is: 

omgirf O 

Reference is also made to PCT Publication No. W0 
03/ 101970 (Applicant: Smithkline Beecham Corporation, 
Published Dec. 1 l, 2003) Which discloses imidaZolium com 
pounds and their use as CXCR3 antagonists having the for 
mula: 

R1 

R2 R3 

An illustrative example of that series is: 

Cl 
Br 

Cl 

Reference is also made to US Patent Application No. US 
2003/0055054 A1 (Applicant: Medina et al, Published Mar. 
20, 2003) Which discloses compounds having the formula: 

An illustrative compound of that series is: 

F3C 
30 

Reference is also made to US. Pat. No. 6,124,319 (Appli 
cant: MacCoss et al., issued Sep. 6, 2000) Which discloses 
compounds useful as chemokine receptor modulators having 
the formula: 

Y Z 

40 )L 
N R 

Ar 

Reference is also made to PCT Publication WO 03/070242 
Al (Applicant: CELLTECH R& D limited, Published Aug. 
28, 2003) Which discloses compounds useful as “chemokine 
receptor inhibitors for the treatment of in?ammatory dis 
eases” having the formula: 

0 

A *1 
H? l 

45 

50 

R1 R2 m 

60 There is a need for compounds that are capable of modu 
lating CXCR3 activity. For example, there is a need for neW 
treatments and therapies for diseases and conditions associ 
ated With CXCR3 such as in?ammatory conditions (psoriasis 
and in?ammatory boWel disease), autoimmune disease (mul 
tiple sclerosis, rheumatoid arthritis) and graft rejection (al 
lograft and Zenograft rejections for example) as Well as infec 
tious diseases, cancers and tumors, ?xed drug eruptions, 
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iN(R3O)C(:O)R3l, iNHC(:O)N(R3O)2, iN(R3O)C 
(:O)OR3 1, iN(R3O)C(:NCN)N(R3O)2, iN(R3O)C(:O) 
N(R3O)SO2(R3I), iN(R3O)C(:O)N(R3O)2, iN(R3O)SO2 
(R31), iN(R3O)S(O)2N(R3O)2, iOR3O, iOC(:O)N 
(R3O)2, iSR3O, iSO2N(R3O)2, iSO2(R3l), iOSO2(R31), 
and 4OSi(R3O)3; or alternatively tWo R2O moieties are linked 
together to form a ?ve or six membered aryl, cycloalkyl, 
heterocyclyl, heterocyclenyl, or heteroaryl ring Wherein said 
?ve or six membered aryl, cycloalkyl, heterocyclyl, hetero 
cyclenyl, or heteroaryl ring is fused to ring D and the fused 
ring is optionally substituted With 0-4 R21 moieties; 

the R21 moieties can be the same or different, each being 
independently selected from the group consisting of H, alkyl, 
alkenyl, alkylaryl, alkynyl, alkoxy, alkylamino, alkylthiocar 
boxy, alkylheteroaryl, alkylthio, alkylsul?nyl, alkylsulfonyl, 
alkoxycarbonyl, aminoalkyl, amidinyl, aralkyl, aralkenyl, 
aralkoxy, aralkoxycarbonyl, aralkylthio, aryl, aroyl, aryloxy, 
carboxamido, cyano, cycloalkyl, cycloalkenyl, formyl, 
guanidinyl, halogen, haloalkyl, heteroalkyl, heteroaryl, het 
erocyclyl, heterocyclenyl, hydroxyalkyl, hydroxamate, nitro, 
tri?uoromethoxy, i(CH2)qOH, i(CH2)qOR3 1, i(CH2)q 
NHZ, *(CHZLNHRM, *<CH2)qN(R31)2, *<CHZ)QC(:O) 
NHR3 1, i(CH2)qSO2R3 1, i(CH2)qNSO2R3 1, i(CH2)q 
SO2NHR3 1, -all<ynylC(R3 l)2OR3 1, %(:O)R3O, iC(:O) 
N(R3O)2, %(:NR3O)NHR3O, %(:NOH)N(R3O)2, 
iC(:NOR3 l)N(R3 (3)2, %(:O)OR3 0, iN(R3O)2, 
iN(R3O)C(:O)R3l, iNHC(:O)N(R3O)2, iN(R3O)C 
(:O)OR3 1, iN(R3 O)C(:NCN)N(R3O)2, iN(R3 O)C(:O) 
N(R3O)SO2(R3I), iN(R3O)C(:O)N(R3O)2, iN(R3O)SO2 
(R31), iN(R3O)S(O)2N(R3O)2, iOR3O, iOC(:O)N 
(R3°)2, 48R”, *SO2N(R3°)2, *SOAR“), *OSOAR“), 
and iOSi(R3O)3; 
Y is selected from the group consisting of i(CRl3 R13 ),i, 

iCHRl3C(:O)i, i(CHRl3),O, i(CHRl3), N(R3O)i, 
iC(:O)i, iC(:NR3O)i, iC(:NA)R3O)i, %H 
(C(:O)NHR3O)i, CH-heteroaryl-, 4C(Rl3R13),C(Rl3) 
:C(Rl3)i, i(CHRl3),C(:O)i and i(CHRl3),N(H)C 
(:O)i; or altemativelyY is cycloalkyl, heterocyclenyl, or 
heterocyclyl Wherein the cycloalkyl, heterocyclenyl, or het 
erocyclyl is fused With ring D; 

the R13 moieties can be the same or different, each being 
independently selected from the group consisting of H, alkyl, 
alkylaryl, cycloalkyl, alkoxy, aryl, heteroaryl, heterocycle 
nyl, heterocyclyl, spiroalkyl, 4CN, 4CO2H, iC(:O)R3O, 
iC(:O)N(R3 (3)2, i(CHR3 O)qOH, i(CHR3O)qOR3 1, 
i(CHR3O)qNH2, i(CH R3O)qNHR3l, i(CH2)qC(:O) 
NHR3 1, i(CH2)qSO2R3 1, i(CH2)qNSO2R3 1, i(CH2)q 
SO2NHR3 1, iNHz, iN(R3O)2, iN(R3O)C(:O)N(R3O)2, 
iN(R3O)SO2(R3l), ADH, 0R3‘), iSO2N(R3O)2, andiSO2 
(R31); 

the R30 moieties can be the same or different, each being 
independently selected from the group consisting of H, alkyl, 
alkylaryl, aryl, aralkyl, cycloalkyl, CN. i(CH2)qOH, 
i(CH2)qOalkyl, i(CH2)qOalkylaryl, i(CH2)qOaryl, 
i(CH2)qOaralkyl, i(CH2)qOcycloalkyl, i(CH2)qNH2, 
i(CH2)qNHalkyl, i(CH2)qN(alkyl)2, i(CH2)qNHalky 
laryl, i(CH2)qNHaryl, i(CH2)qNHaralkyl, i(CH2)qNH 
cycloalkyl, i(CH2)qC(:O)NHalkyl, i(CH2)qC(:O)N 
(alkyl)2, i(CH2)qC(:O)NHalkylaryl, i(CH2)qC(:O) 
NHaryl, i(CH2)qC(:O)NHaralkyl, i(CH2)qC(:O) 
NHcycloalkyl, i(CH2)qSO2alkyl, i(CH2)qSO2alkylaryl, 
i(CH2)qSO2aryl, i(CH2)qSO2aralkyl, i(CH2)q 
SO2cycloalkyl, i(CH2)qNSO2alkyl, i(CH2)q 
NSO2alkylaryl, i(CH2)qNSO2aryl, i(CH2)q NSO2aralkyl, 
i(CH2)qNSO2cycloalkyl, i(CH2)q SOZNHalkyl, 
i(CH2)q SO2NHalkylaryl, i(CH2)q SO2NHaryl, i(CH2)q 
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SOZNHaralkyl, i(CH2)q SOZNHcycloalkyl, heterocycle 
nyl, heterocyclyl, and heteroaryl; 

the R31 moieties can be the same or different, each being 
independently selected from the group consisting of alkyl, 
alkylaryl, aryl, aralkyl, cycloalkyl, i(CH2)qOH, i(CH2)q 
Oalkyl, i(CH2)qOalkylaryl, i(CH2)qOaryl, i(CH2)q 
Oaralkyl, i(CH2)qOcycloalkyl, i(CH2)qNH2, i(CH2)q 

(alkyl)2, i(CH2)qC(:O)NHalkylaryl, i(CH2)qC(:O) 
NHaryl, i(CH2)qC(:O)NHaralkyl, i(CH2)qC(:O) 
NHcycloalkyl, i(CH2)qSO2alkyl, i(CH2)qSO2alkylaryl, 
i(CH2)qSO2aryl, i(CH2)qSO2aralkyl, i(CH2)q 
SO2cycloalkyl, i(CH2)qNSO2alkyl, i(CH2)q 
NSO2alkylaryl, i(CH2)qNSO2aryl, i(CH2)q NSO2aralkyl, 
i(CH2)qNSO2cycloalkyl, i(CH2)q SOZNHalkyl, 
i(CH2)q SO2NHalkylaryl, i(CH2)q SO2NHaryl, i(CH2)q 
SOZNHaralkyl, i(CH2)q SOZNHcycloalkyl, heterocycle 
nyl, heterocyclyl, and heteroaryl; 
m is 0 to 4; 
n is 0 to 4; 
each q can be the same or different, each being indepen 

dently selected from 1 to 5; and 
r is l to 4; 

With the proviso that there are no tWo adjacent double bonds 
in any ring, and that When a nitrogen is substituted by tWo 
alkyl groups, said tWo alkyl groups may be optionally joined 
to each other to form a ring. 
The above-noted term “said aryl excludes phenyl” means 

that When ring D is aryl, it cannot be phenyl but it can be a 
multicyclic aryl such as, for example, naphthyl, phenanthryl, 
anthracenyl and the like. 
A further feature of the invention is a pharmaceutical com 

position containing as active ingredient at least one com 
pound of Formula 1 together With at least one pharmaceuti 
cally acceptable carrier or excipient. 
The invention provides methods of preparing compounds 

of Formula 1, as Well as methods for treating diseases, for 
example, treatment (e.g., palliative therapy, curative therapy, 
prophylactic therapy) of certain diseases and conditions e.g., 
in?ammatory diseases (e.g., psoriasis, in?ammatory boWel 
disease), autoimmune diseases (e.g., rheumatoid arthritis, 
multiple sclerosis), graft rejection (e.g., allograft rejection, 
xenograft rejection), ophthalmic in?ammation or dry eye, 
infectious diseases and tumors. The invention provides a 
method of treating a CXCR3 chemokine mediated disease in 
a patient in need of such treatment comprising administering 
to the patient a therapeutically effective amount of at least one 
compound of Formula 1, or a pharmaceutically acceptable 
salt, solvate or ester thereof. 
The invention provides methods of treating diseases, for 

example, treatment (e.g., palliative therapy, curative therapy, 
prophylactic therapy) of certain diseases and conditions such 
as in?ammatory diseases (e.g., psoriasis, in?ammatory boWel 
disease), autoimmune diseases (e.g., rheumatoid arthritis, 
multiple sclerosis), graft rejection (e.g., allograft rejection, 
xenograft rejection), infectious diseases as Well as cancers 
and tumors, ?xed drug eruptions, cutaneous delayed-type 
hypersensitivity responses, ophthalmic in?ammation or dry 
eye, type I diabetes, viral meningitis and tuberculoid leprosy 
comprising administering: (a) a therapeutically effective 
amount of at least one compound according to Formula 1, or 
a pharmaceutically acceptable salt, solvate or ester thereof 
concurrently or sequentially With (b) at least one medicament 
selected from the group consisting of: disease modifying 
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antirheumatic drugs; nonsteroidal anti-in?ammatory drugs; 
COX-2 selective inhibitors; COX-1 inhibitors; immunosup 
pressives (such as cyclosporins and methotrexate); steroids 
(including corticosteroids such as glucorticoids); PDE IV 
inhibitors, anti-TNF-ot compounds, TNF-ot-convertase 
(TACE) inhibitors, MMP inhibitors, cytokine inhibitors, glu 
cocorticoids, other chemokine inhibitors such as CCR2 and 
CCR5, CBZ-selective inhibitors, p38 inhibitors, biological 
response modi?ers; anti-in?ammatory agents and therapeu 
tics. 

The invention also provides a method of modulating (in 
hibiting or promoting) an in?ammatory response in an indi 
vidual in need of such therapy. The method comprises admin 
istering a therapeutically effective amount of a compound 
(e.g., small organic molecule) Which inhibits or promotes 
mammalian CXCR3 function in an individual in need thereof. 
Also disclosed is a method of inhibiting or blocking T-cell 
mediated chemotaxis in a patient in need of such treatment 
comprising administering to the patient a therapeutically 
effective amount of a compound of Formula 1 or a pharma 
ceutically acceptable salt, solvate or ester thereof. 

Also disclosed is a method of treating in?ammatory boWel 
disease (such Crohn’s disease, ulcerative colitis) in a patient 
in need of such treatment comprising administering to the 
patient a therapeutically effective amount of at least one com 
pound of Formula 1, or a pharmaceutically acceptable salt, 
solvate or ester thereof. 

Also disclosed is a method of treating in?ammatory boWel 
disease in a patient in need of such treatment comprising 
administering to the patient a therapeutically effective 
amount of: (a) at least one compound of Formula 1, or a 
pharmaceutically acceptable salt, solvate or ester thereof con 
currently or sequentially With (b) at least one compound 
selected from the group consisting of: sulfasalaZine, 5-ami 
nosalicylic acid, sulfapyridine, anti-TNF compounds, anti 
IL-l2 compounds, corticosteroids, glucocorticoids, T-cell 
receptor directed therapies (such as anti-CD3 antibodies), 
immunosuppresives, methotrexate, aZathioprine, and 6-mer 
captopurines. 

Also disclosed is a method of treating graft rejection in a 
patient in need of such treatment comprising administering to 
the patient a therapeutically effective amount of at least one 
compound of Formula 1, or a pharmaceutically acceptable 
salt, solvate or ester thereof. 

Also disclosed is a method of treating graft rejection in a 
patient in need of such treatment comprising administering to 
the patient a therapeutically effective amount of: (a) at least 
one compound of Formula 1, or a pharmaceutically accept 
able salt, solvate or ester thereof concurrently or sequentially 
With (b) at least one compound selected from the group con 
sisting of: cyclosporine A, FK-506, FTY720, beta-interferon, 
rapamycin, mycophenolate, prednisolone, aZathioprine, 
cyclophosphamide and an antilymphocyte globulin. 

Also disclosed is a method of treating multiple sclerosis in 
a patient in need of such treatment the method comprising 
administering to the patient a therapeutically effective 
amount of: (a) a therapeutically effective amount of at least 
one compound of Formula 1, or a pharmaceutically accept 
able salt, solvate or ester thereof concurrently or sequentially 
With (b) at least one compound selected from the group con 
sisting of: beta-interferon, glatiramer acetate, corticosteroids, 
glucocorticoids, methotrexate, aZothioprine, mitoxantrone, 
VLA-4 inhibitors, FTY720, anti-IL-l2 inhibitors, and CB2 
selective inhibitors. 

Also disclosed is a method of treating multiple sclerosis in 
a patient in need of such treatment the method comprising 
administering to the patient a therapeutically effective 
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14 
amount of: (a) a therapeutically effective amount of at least 
one compound of Formula 1, or a pharmaceutically accept 
able salt, solvate or ester thereof concurrently or sequentially 
With (b) at least one compound selected from the group con 
sisting of: methotrexate, cyclosporin, le?unomide, sulfasala 
Zine, corticosteroids, [3-methasone, [3-interferon, glatiramer 
acetate, prednisone, etonercept, and in?iximab. 

Also disclosed is a method of treating rheumatoid arthritis 
in a patient in need of such treatment the method comprising 
administering to the patient a therapeutically effective 
amount of: (a) at least one compound of Formula 1, or a 
pharmaceutically acceptable salt, solvate or ester thereof con 
currently or sequentially With (b) at least one compound 
selected from the group consisting of: non-steroidal anti 
in?ammatory agents, COX-2 inhibitors, COX-1 inhibitors, 
immunosuppressives, cyclosporine, methotrexate, steroids, 
PDE IV inhibitors, anti-TNF-ot compounds, MMP inhibitors, 
corticosteroids, glucocorticoids, chemokine inhibitors, CB2 
selective inhibitors, caspase (ICE) inhibitors and other 
classes of compounds indicated for the treatment of rheuma 
toid arthritis. 

Also disclosed is a method of treating psoriasis in a patient 
in need of such treatment the method comprising administer 
ing to the patient a therapeutically effective amount of: a) at 
least one compound of Formula 1, or a pharmaceutically 
acceptable salt, solvate or ester thereof concurrently or 
sequentially With (b) at least one compound selected from the 
group consisting of: immunosuppressives, cyclosporins, 
methotrexate, steroids, corticosteroids, anti-TNF-ot com 
pounds, anti-IL compounds, anti-IL-23 compounds, vitamin 
A and D compounds and fumarates. 

Also disclosed is a method of treating ophthalmic in?am 
mation (including, for e.g., uveitis, posterior segment 
intraocular in?ammation, Sjogren’s syndrome) or dry eye in 
a patient in need of such treatment the method comprising 
administering to the patient a therapeutically effective 
amount of: a) at least one compound according to Formula 1, 
or a pharmaceutically acceptable salt, solvate or ester thereof 
concurrently or sequentially With (b) at least one compound 
selected from the group consisting of: immunosuppressives, 
cyclosporins, methotrexate, FK506, steroids, corticosteroids, 
and anti-TNF-ot compounds. 

Also disclosed is a method of treating a disease selected 
from the group consisting of: in?ammatory disease, rheuma 
toid arthritis, multiple sclerosis, in?ammatory boWel disease, 
graft rejection, psoriasis, ?xed drug eruptions, cutaneous 
delayed-type hypersensitivity responses, ophthalmic in?am 
mation (including e.g., uveitis, posterior segment intraocular 
in?ammation, and Sjogren’s syndrome), tuberculoid leprosy 
and cancer in a patient in need of such treatment, such method 
comprising administering to the patient an effective amount 
of at least one compound according to Formula 1, or a phar 
maceutically acceptable salt, solvate or ester thereof. 

The invention also provides a method of treating a disease 
selected from the group consisting of: in?ammatory disease, 
rheumatoid arthritis, multiple sclerosis, in?ammatory boWel 
disease, graft rejection, psoriasis, ?xed drug eruptions, cuta 
neous delayed-type hypersensitivity responses and tubercu 
loid leprosy, ophthalmic in?ammation, type I diabetes, viral 
meningitis and cancer in a patient in need of such treatment, 
such method comprising administering to the patient an effec 
tive amount of (a) at least one compound according to For 
mula l, or a pharmaceutically acceptable salt, solvate or ester 
thereof concurrently or sequentially With (b) at least one 
medicament selected from the group consisting of: disease 
modifying antirheumatic drugs; nonsteroidal antiin?amma 
tory drugs; COX-2 selective inhibitors; COX-1 inhibitors; 
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immunosuppressives; steroids; PDE IV inhibitors, anti 
TNF-ot compounds, MMP inhibitors, corticosteroids, gluco 
corticoids, chemokine inhibitors, CB2-selective inhibitors, 
biological response modi?ers; anti-in?ammatory agents and 
therapeutics . 

DETAILED DESCRIPTION OF THE INVENTION 

The terms used herein have their ordinary meaning and the 
meaning of such terms is independent at each occurrence 
thereof. That notWithstanding and except Where stated other 
Wise, the following de?nitions apply throughout the speci? 
cation and claims. Chemical names, common names, and 
chemical structures may be used interchangeably to describe 
the same structure. These de?nitions apply regardless of 
Whether a term is used by itself or in combination With other 
terms, unless otherWise indicated. Hence, the de?nition of 
“alkyl” applies to “alkyl” as Well as the “alkyl” portions of 
“hydroxyalkyl,” “haloalkyl,” “alkoxy,” etc. 
As used above, and throughout the speci?cation, the fol 

loWing terms, unless otherWise indicated, shall be understood 
to have the folloWing meanings: 

“Acyl” means an HiC(:O)i, alkyl-C(:O)i, alkenyl 
C(:O)i, alkynyl-C(:O)i, cycloalkyl-C(:O)i, 
cycloalkenyl-C(:O)i, or cycloalkynyl-C(:O)i group in 
Which the various groups are as previously described. The 
bond to the parent moiety is through the carbonyl carbon 
atom. Preferred acyls contain a loWer alkyl. Non-limiting 
examples of suitable acyl groups include formyl, acetyl, pro 
panoyl, 2-methylpropanoyl, butanoyl and cyclohexanoyl. 

“Alkenyl” means an aliphatic hydrocarbon group contain 
ing at least one carbon-carbon double bond and Which may be 
straight or branched and comprising about 2 to about 15 
carbon atoms in the chain. Preferred alkenyl groups have 
about 2 to about 12 carbon atoms in the chain; and more 
preferably about 2 to about 6 carbon atoms in the chain. 
Branched means that one or more loWer alkyl groups such as 
methyl, ethyl or propyl, are attached to a linear alkenyl chain. 
“LoWer alkenyl” means about 2 to about 6 carbon atoms in the 
chain Which may be straight or branched. The alkenyl group 
may be substituted by one or more substituents Which may be 
the same or different, each substituent being independently 
selected from the group consisting of alkyl, alkenyl, alkynyl, 
alkoxyl, aryl, aryloxy, cycloalkyl, cycloalkenyl, cyano, het 
eroaryl, heterocyclyl, heterocyclenyl, amino, aminosulfonyl, 
halo, carboxyl, carboxyalkyl (non-limiting example(s) 
include ester), alkoxycarbonyl, hydroxyalkyl, carbonyl (non 
limiting example(s) include ketone), 4C(:O)heterocyclyl, 
formyl (non-limiting example(s) include aldehyde), carboxa 
mido (i.e amido, 4C(:O)NH2), iC(:O)N(alkyl)2, 
iC(:O)NH(alkyl), iC(:O)N(cycloalkyl)2, 4C(:O) 
NH(cycloalkyl), iNHC(:O)alkyl, urea (e.g iNH(C:O) 
NH2, iNH(C:O)NH(alkyl), iNH(C:O)NH(alkyl)2, 
iNH(C:O)NH(heteroaryl), iNH(C:O)NH(heterocy 
clyl)), guanidinyl, iNHC(:NCN)NH2, iNHC(:NCN)N 
(alkyl)2, carbamoyl (i.e iCO2NH2), NHC(:O)Oalkyl, 
iCO2N(alkyl)2, iNHC(:O))NHiS(O)2alkyl, iNHC 
(:O)N(alkyl)2iS(O)2alkyl, iNHiS(O)2alkyl, iNHi 
S(O)2heteroaryl, iN(alkyl)-S(O)2alkyl, iNHiS(O)2aryl, 
iN(alkyl)-S(O)2aryl, iNHiS(O)2NH2, iNHiS(O)2 
NHalkyl, iNHiS(O)2N(alkyl)2, alkylthiocarboxy, 
iS(O)2 alkyl, iS(O)2aryl, 4OS(O)2alkyl, 4OS(O)2aryl, 
sulfonyl urea (non-limiting example(s) include NHC(:S) 
NHalkyl). Non-limiting examples of suitable alkenyl groups 
include ethenyl, propenyl, n-butenyl, 3-methylbut-2-enyl, 
n-pentenyl, octenyl and decenyl. 
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16 
“Alkyl” means an aliphatic hydrocarbon group Which may 

be straight or branched and comprising about 1 to about 20 
carbon atoms in the chain. Preferred alkyl groups contain 
about 1 to about 12 carbon atoms in the chain. More preferred 
alkyl groups contain about 1 to about 6 carbon atoms in the 
chain. Branched means that one or more loWer alkyl groups 
such as methyl, ethyl or propyl, are attached to a linear alkyl 
chain. “LoWer alkyl” means a group having about 1 to about 
6 carbon atoms in the chain Which may be straight or 
branched. The alkyl group may be substituted by one or more 
substituents Which may be the same or different, each sub 
stituent being independently selected from the group consist 
ing of alkyl, alkenyl, alkynyl, alkoxyl, aryl, aryloxy, 
cycloalkyl, cycloalkenyl, cyano, heteroaryl, heterocyclyl, 
heterocyclenyl, amino, iNH(alkyl), iN(alkyl)2, iNH(cy 
cloalkyl), iN(cycloalkyl)2, iNH(aryl), iN(aryl)2, iNH 
(heteroaryl), iN(heteroaryl)2, iNH(heterocyclyl), N(het 
erocyclyl)2, halo, hydroxy, carboxyl, carboxyalkyl (non 
limiting example(s) include ester), alkoxycarbonyl, 
hydroxyalkyl, carbonyl (non-limiting example(s) include 
ketone), iC(:O)heterocyclyl, formyl, carboxamido (i.e 
amido, iC(:O)NH2, iC(:O)N(alkyl)2, iC(:O)NH 
(alkyl), iC(:O)N(cycloalkyl)2, 4C(:O)NH(cy 
cloalkyl)), iNHC(:O)alkyl, amidinyl, hydraZidyl, hydrox 
amate, iNHC(:O)H, iNHC(:O)alkyl, urea (e.g iNH 
(C:O)NH2, iNH(C:O)NH(alkyl), iNH(C:O)NH 
(alkyl)2, iNH(C:O)NH(heteroaryl), iNH(C:O)NH 
(heterocyclyl)), guanidinyl, iNHC(:NCN)NH2, iNHC 
(:NCN)N(alkyl)2, carbamoyl (i.e 4CO2NH2), iNHC 

NH2, iNHiS(O)2NHalkyl, iNHiS(O)2N(alkyl)2, thio, 
alkylthio, alkylthiocarboxy, iS(O)alkyl, iS(O)2alkyl, 
iS(O)2aryl, iOS(O)2alkyl, 4OS(O)2aryl, sulfonyl urea 
(non-limiting example(s) include iNHC(:S)NHalkyl) and 
OSi(alkyl)3. Non-limiting examples of suitable alkyl groups 
include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 
n-pentyl, heptyl, nonyl, decyl, ?uoromethyl, tri?uoromethyl 
and cyclopropylmethyl. 

“Alkylheteroaryl” means an alkyl-heteroaryl-group 
Wherein the alkyl is as previously described and the bond to 
the parent moiety is through the heteroaryl group. 

“Alkylamino” means an iNH2 or iNH3+ group in 
Which one or more of the hydrogen atoms on the nitrogen is 
replaced by an alkyl group as de?ned above. The bond to the 
parent is through the nitrogen. 

“Alkylaryl” means an alkyl-aryl-group in Which the alkyl 
and aryl are as described herein. Preferred alkylaryls com 
prise a loWer alkyl group. Non-limiting examples of suitable 
alkylaryl groups include o-tolyl, p-tolyl and xylyl. The bond 
to the parent moiety is through the aryl. 

“Alkylthio” means an alkyl-Si group in Which the alkyl 
group is as described herein. Non-limiting examples of suit 
able alkylthio groups include methylthio, ethylthio, i-propy 
lthio and heptylthio. The bond to the parent moiety is through 
the sulfur. 

“Alkylthiocarboxy” means an alkyl-S4C(:O)Oi 
group. Preferred groups are those in Which the alkyl group is 
loWer alkyl. The bond to the parent moiety is through the 
carboxy. 

“Alkynyl” means an aliphatic hydrocarbon group contain 
ing at least one carbon-carbon triple bond and Which may be 
straight or branched and comprising about 2 to about 15 
carbon atoms in the chain. Preferred alkynyl groups have 
about 2 to about 12 carbon atoms in the chain; and more 
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preferably about 2 to about 4 carbon atoms in the chain. 
Branched means that one or more lower alkyl groups such as 
methyl, ethyl or propyl, are attached to a linear alkynyl chain. 
“LoWer alkynyl” means about 2 to about 6 carbon atoms in the 
chain Which may be straight or branched. Non-limiting 
examples of suitable alkynyl groups include ethynyl, propy 
nyl, 2-butynyl, 3-methylbutynyl, n-pentynyl, and decynyl. 
The alkynyl group may be substituted by one or more sub 
stituents Which may be the same or different, each substituent 
being independently selected from the group consisting of 
alkyl, alkoxyl, aryl, aryloxy, cycloalkyl, cycloalkenyl, cyano, 
heteroaryl, heterocyclyl, heterocyclenyl, iNH(alkyl), 
iN(alkyl)2, iNH(cycloalkyl), iN(cycloalkyl)2, iNH 
(aryl), iN(aryl)2, iNH(heteroaryl), iN(heteroaryl)2, 
iNH(heterocyclyl), N(heterocyclyl)2, alkoxycarbonyl, 
hydroxyalkyl, carbonyl (non-limiting example(s) include 
ketone), iC(:O)heterocyclyl, carboxamido (i.e amido, 
iC(:O)NH2), iC(:O)N(alkyl)2, 4C(:O)NH(alkyl), 
iC(:O)N(cycloalkyl)2, iC(:O)NH(cycloalkyl), alkylC 
(:O)NHi, iNHC(:O)alkyl, urea (e.g iNH(C:O) 
NH2), iNH(C:O)NH(alkyl), iNH(C:O)NH(alkyl)2, 
iNH(C:O)NH(heteroaryl), iNH(C:O)NH(heterocy 
clyl), iS(O)2alkyl, and iS(O)2aryl. 

“Alkoxy” means an alkyl-Oi group in Which the alkyl 
group is as previously described. Non-limiting examples of 
suitable alkoxy groups include methoxy, ethoxy, n-propoxy, 
isopropoxy, n-butoxy, heptoxy and methylhydroxy. The bond 
to the parent moiety is through the ether oxygen. 

“Alkoxycarbonyl” means an alkyl-O4C(:O)i group. 
Non-limiting examples of suitable alkoxycarbonyl groups 
include methoxycarbonyl and ethoxycarbonyl. The bond to 
the parent moiety is through the carbonyl. 

“Aminoalkyl” means an amine-alkyl-group in Which alkyl 
is as previously de?ned. Preferred aminoalkyls contain loWer 
alkyl. Non-limiting examples of suitable aminoalkyl groups 
include aminomethyl and 2-Dimethlylamino-2-ethyl. The 
bond to the parent moiety is through the alkyl. 

“Amidinyl” means 4C(:NR)NHR group. The R groups 
are de?ned as H, alkyl, alkylaryl, heteroaryl, hydroxyl, 
alkoxy, amino, ester, CN, iNHSOZalkyl, iNHSOZAryl, 
iNHC(:O)NHalkyl, and iNHalkyl. The bond to the par 
ent moiety is through the carbon. 

“Aralkyl” or “arylalkyl” means an aryl-alkyl-group in 
Which the aryl and alkyl are as previously described. Pre 
ferred aralkyls comprise a loWer alkyl group attached to the 
aryl group. Non-limiting examples of suitable aralkyl groups 
include benZyl, 2-phenethyl and naphthalenylmethyl. The 
bond to the parent moiety is through the alkyl. 

“Aralkenyl” means an aryl-alkenyl- group in Which the aryl 
and alkenyl are as previously described. Preferred aralkenyls 
contain a loWer alkenyl group. Non-limiting examples of 
suitable aralkenyl groups include 2-phenethenyl and 2-naph 
thylethenyl. The bond to the parent moiety is through the 
alkenyl. 

“Aralkoxy” means an aralkyl-Oi group in Which the 
aralkyl group is as described above. The bond to the parent 
moiety is through the oxygen group. 

“Aralkoxycarbonyl” means an aralkyl-OiC(:O)i 
group. Non-limiting example of a suitable aralkoxycarbonyl 
group is benZyloxycarbonyl. The bond to the parent moiety is 
through the carbonyl. 

“Aroyl” means an aryl-C(:O)i group in Which the aryl 
group is as previously described. The bond to the parent 
moiety is through the carbonyl. Non-limiting examples of 
suitable groups include benZoyl and l- and 2-naphthoyl. 

“Aryl” (sometimes abbreviated “Ar”) means an aromatic 
monocyclic or multicyclic ring system comprising about 6 to 
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about 14 carbon atoms, preferably about 6 to about 10 carbon 
atoms. The aryl group can be optionally substituted With one 
or more “ring system substituents” Which may be the same or 
different, and are as de?ned herein. Non-limiting examples of 
suitable aryl groups include phenyl and naphthyl. 

“Aryloxy” means an aryl-Oi group in Which the aryl 
group is as previously described. Non-limiting examples of 
suitable aryloxy groups include phenoxy and naphthoxy. The 
bond to the parent moiety is through the ether oxygen. 

“Carboxyalkyl” means an alkyl-C(:O)Oi group. The 
bond to the parent moiety is through the carboxy. 

Carbamates and urea substituents refer to groups With oxy 
gens and nitrogens respectively adjacent an amide; represen 
tative carbamate and urea substituents include the folloWing: 

“Cycloalkyl” means a non-aromatic mono- or multicyclic 
ring system comprising about 3 to about 10 carbon atoms, 
preferably about 5 to about 10 carbon atoms. Preferred 
cycloalkyl rings contain about 5 to about 7 ring atoms. The 
cycloalkyl can be optionally substituted With one or more 
“ring system substituents” Which may be the same or differ 
ent, and are as de?ned herein. Non-limiting examples of 
suitable monocyclic cycloalkyls include cyclopropyl, cyclo 
pentyl, cyclohexyl, cycloheptyl and the like. Non-limiting 
examples of suitable multicyclic cycloalkyls include l-deca 
lin, norbornyl, adamantyl and the like. 

“Cycloalkenyl” means a non-aromatic mono or multicy 
clic ring system comprising about 3 to about 10 carbon atoms, 
preferably about 5 to about 10 carbon atoms Which contains at 
least one carbon-carbon double bond. Preferred cycloalkenyl 
rings contain about 5 to about 7 ring atoms. The cycloalkenyl 
can be optionally substituted With one or more “ring system 
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substituents” Which may be the same or different, and are as 
de?ned above. Non-limiting examples of suitable monocy 
clic cycloalkenyls include cyclopentenyl, cyclohexenyl, 
cycloheptenyl, and the like. Non-limiting example of a suit 
able multicyclic cycloalkenyl is norbomylenyl. The term 
“cycloalkenyl” additionally means moieties such as 
cyclobutenedione, cyclopentenone, cyclopentenedione and 
the like. 

“Halogen” (or halo) means ?uorine, chlorine, bromine, or 
iodine. Preferred are ?uorine, chlorine and bromine. 

“Haloalkyl” means an alkyl as de?ned above Wherein one 
or more hydrogen atoms on the alkyl is replaced by a halo 
group de?ned above. 

“Heteroaryl” means an aromatic monocyclic or multicy 
clic ring system comprising about 5 to about 14 ring atoms, 
preferably about 5 to about 10 ring atoms, in Which one or 
more of the ring atoms is an element other than carbon, for 
example nitrogen, oxygen or sulfur, alone or in combination. 
Preferred heteroaryls contain about 5 to about 6 ring atoms. 
The “heteroaryl” canbe optionally substituted by one or more 
“ring system substituents” Which may be the same or differ 
ent, and are as de?ned herein. The pre?x aZa, oxa or thia 
before the heteroaryl root name means that at least a nitrogen, 
oxygen or sulfur atom respectively, is present as a ring atom. 
The nitrogen or sulfur atom of the heteroaryl can be option 
ally oxidiZed to the corresponding N-oxide, S-oxide or S,S 
dioxide. Non-limiting examples of suitable heteroaryls 
include pyridyl, pyraZinyl, furanyl, thienyl, pyrimidinyl, 
isoxaZolyl, isothiaZolyl, oxaZolyl, thiaZolyl, pyraZolyl, fura 
Zanyl, pyrrolyl, pyraZolyl, triaZolyl, l,2,4-thiadiaZolyl, 
pyridaZinyl, quinoxalinyl, phthalaZinyl, imidaZo[l,2-a]py 
ridinyl, imidaZo[2,l-b]thiaZolyl, benzofurazanyl, indolyl, 
aZaindolyl, benZimidaZolyl, benZothienyl, quinolinyl, imida 
Zolyl, thienopyridyl, quinaZolinyl, thienopyrimidyl, pyrrol 
opyridyl, imidaZopyridyl, isoquinolinyl, benZoaZaindolyl, 
l,2,4-triaZinyl, benZothiaZolyl and the like. 

“Heterocyclyl” (or heterocycloalkyl) means a non-aro 
matic saturated monocyclic or multicyclic ring system com 
prising about 3 to about 10 ring atoms, preferably about 5 to 
about 10 ring atoms, in Which one or more of the atoms in the 
ring system is an element other than carbon, for example 
nitrogen, oxygen or sulfur, alone or in combination. There are 
no adjacent oxygen and/or sulfur atoms present in the ring 
system. Preferred heterocyclyls contain about 5 to about 6 
ring atoms. The pre?x aZa, oxa or thia before the heterocyclyl 
root name means that at least a nitrogen, oxygen or sulfur 
atom respectively is present as a ring atom. The heterocyclyl 
can be optionally substituted by one or more “ring system 
substituents” Which may be the same or different, and are as 
de?ned herein. The nitrogen or sulfur atom of the heterocy 
clyl can be optionally oxidiZed to the corresponding N-oxide, 
S-oxide or S,S-dioxide. Non-limiting examples of suitable 
monocyclic heterocyclyl rings include piperidyl, pyrrolidi 
nyl, piperaZinyl, morpholinyl, oxaZolidinyl, imidaZolidinyl, 
thiomorpholinyl, thiaZolidinyl, 1,3-dioxolanyl, l,4-dioxanyl, 
tetrahydrofuranyl, tetrahydrothiophenyl, tetrahydrothiopyra 
nyl, and the like. 

“Heterocyclenyl” means a non-aromatic monocyclic or 
multicyclic ring system comprising about 3 to about 10 ring 
atoms, preferably about 5 to about 10 ring atoms, in Which 
one or more of the atoms in the ring system is an element other 
than carbon, for example nitrogen, oxygen or sulfur atom, 
alone or in combination, and Which contains at least one 
carbon-carbon double bond or carbon-nitrogen double bond. 
There are no adjacent oxygen and/or sulfur atoms present in 
the ring system. Preferred heterocyclenyl rings contain about 
5 to about 6 ring atoms. The pre?x aZa, oxa or thia before the 
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heterocyclenyl root name means that at least a nitrogen, oxy 
gen or sulfur atom respectively is present as a ring atom. The 
heterocyclenyl can be optionally substituted by one or more 
ring system substituents, Wherein “ring system substituent” is 
as de?ned herein. The nitrogen or sulfur atom of the hetero 
cyclenyl can be optionally oxidiZed to the corresponding 
N-oxide, S-oxide or S,S-dioxide. Non-limiting examples of 
suitable monocyclic aZaheterocyclenyl groups include 1,2,3, 
4-tetrahydropyridine, l,2-dihydropyridyl, l,4-dihydropy 
ridyl, l ,2 ,3 , 6-tetrahydropyridine, l ,4 , 5 , 6-tetrahydropyrimi - 
dine, dihydro-2-pyrrolinyl, dihydro-3 -pyrrolinyl, dihydro-2 
imidaZolinyl, dihydro-2-pyraZolinyl, dihydro-4,5-triZolyl 
and the like. Non-limiting examples of suitable oxahetero 
cyclenyl groups include 3,4-dihydro-2H-pyran, dihydrofura 
nyl, ?uorodihydrofuranyl, and the like. Non-limiting 
example of a suitable multicyclic oxaheterocyclenyl group is 
7-oxabicyclo [2.2.1]heptenyl. Non-limiting examples of suit 
able monocyclic thiaheterocyclenyl rings include dihy 
drothiophenyl, dihydrothiopyranyl, and the like. 

“Heteroaralkyl” means a heteroaryl-alkyl-group in Which 
the heteroaryl and alkyl are as previously described. Preferred 
heteroaralkyls contain a loWer alkyl group. Non-limiting 
examples of suitable aralkyl groups include pyridylmethyl, 
2-(furan-3-yl)ethyl and quinolin-(3-yl)methyl. The bond to 
the parent moiety is through the alkyl. 

“Hydroxyalkyl” means a HO-alkyl-group in Which alkyl is 
as previously de?ned. Preferred hydroxyalkyls contain loWer 
alkyl. Non-limiting examples of suitable hydroxyalkyl 
groups include hydroxymethyl and 2-hydroxyethyl. The 
bond to the parent moiety is through the alkyl. 

“Hydroxamate” means an alkyl-C(:O)NH4Oi group. 
The bond to the parent moiety is through the oxygen group. 

“Ring system substituent” means a substituent attached to 
an aromatic or non-aromatic ring system Which, for example, 
replaces an available hydrogen on the ring system. Ring sys 
tem substituents may be the same or different, each being 
independently selected from the group consisting of H, alkyl, 
alkenyl, alkynyl, alkoxyl, aryl, aroyl, aryloxy, cycloalkyl, 
cycloalkenyl, heteroaryl, heterocyclyl, heterocyclenyl, alky 
laryl, alkylheteroaryl, aralkyl, aralkenyl, aralkoxy, aralkoxy 
carbonyl, amino, iNH(alkyl), iN(alkyl)2, iNH(cy 
cloalkyl), iN(cycloalkyl)2, iNH(aryl), iN(aryl)2, iNH 
(heteroaryl), iN(heteroaryl)2, iNH(heterocyclyl), 
N(heterocyclyl)2, halo, hydroxy, carboxyl, carboxyalkyl 
(non-limiting example(s) include ester), cyano, alkoxycarbo 
nyl, hydroxyalkyl, carbonyl (non-limiting example(s) 
include ketone), 4C(:O)heterocyclyl, formyl (non-limit 
ing example(s) include aldehyde), carboxamido (i.e amido, 
4C(:O)NH2), 4C(:O)N(alkyl)2, 4C(:O)NH(alkyl), 
4C(:O)N(cycloalkyl)2, iC(:O)NH(cycloalkyl), alkylC 
(:O)NHi, -amidino, hydraZido, hydroxamate, iNHC 
(:O)H, iNHC(:O)alkyl, urea (e.g iNH(C:O)NH2), 
iNH(C:O)NH(alkyl), iNH(C:O)NH(alkyl)2, iNH 
(C:O)NH(heteroaryl), iNH(C:O)NH(heterocyclyl), 
guanidinyl, iNHC(:NCN)NH2, iNHC(:NCN)N 
(alkyl)2, carbamoyl (i.e 4CO2NH2), NHC(:O)Oalkyl, 
4CO2N(alkyl)2, iNHC(:O))NHiS(O)2alkyl, iNHC 
(:O)N(alkyl)2iS(O)2alkyl, iNHiS(O)2alkyl, iNHi 
S(O)2heteroaryl, iN(alkyl)-S(O)2alkyl, iNHiS(O)2aryl, 
iN(alkyl)-S(O)2aryl, iNHiS(O)2NH2, iNHiS(O)2 
NHalkyl, iNHiS(O)2N(alkyl)2, thio, alkylthiocarboxy, 
iS(O)2alkyl, iS(O)2aryl, iOS(O)2alkyl, 4OS(O)2aryl, 
sulfonyl urea (non-limiting example(s) include iNHC(:S) 
NHalkyl) and OSi(alkyl)3. 

“Spiroalkyl” means an alkylene group Wherein tWo carbon 
atoms of an alkyl group are attached to one carbon atom of a 
parent molecular group thereby forming a carbocyclic or 



US 7,879,838 B2 
21 

heterocyclic ring of three to eleven atoms. Representative 
structures include examples such as: 

N “do 
The spiroalkyl groups of this invention can be optionally 

substituted by one or more ring system substituents, Wherein 
“ring system substituent” is as de?ned herein. 

“Ring system substituent” also means a cyclic ring of 3 to 
7 ring atoms of Which may contain 1 or 2 heteroatoms, 
attached to an aryl, heteroaryl, heterocyclyl or heterocyclenyl 
ring by simultaneously substituting tWo ring hydrogen atoms 
on said aryl, heteroaryl, heterocyclyl or heterocyclenyl ring. 
Non-limiting examples include: 

(:Qwf ?oiz/ 
and the like. 

The term “optionally substituted” means optional substi 

tution With the speci?ed groups, radicals or moieties, in avail 
able position or positions. 

With reference to the number of moieties (non-limiting 
example(s) include, substituents, groups or rings) in a com 
pound, unless otherWise de?ned, the phrases “one or more” 
and “at least one” mean that, there can be as many moieties as 

chemically permitted, and the determination of the maximum 
number of such moieties is Well Within the knowledge of 
those skilled in the art. Preferably, there are one to three 

substituents, or more preferably, one to tWo substituents, With 
at least one in the para position. 

As used herein, the term “composition” is intended to 
encompass a product comprising the speci?ed ingredients in 
the speci?ed amounts, as Well as any product Which results, 
directly or indirectly, from combination of the speci?ed 
ingredients in the speci?ed amounts. 

The straight line as a bond generally indicates a 

mixture of, or either of, the possible isomers, non-limiting 
example(s) include, containing (R)- and (S)-stereochemistry. 
For example, 

OH 

m2 

means containing both 
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A dashed line (-----) represents an optional bond. 
Lines draWn into the ring systems, such as, for example: 

indicate that the indicated line (bond) may be attached to 
any of the substitutable ring atoms, non limiting examples of 
ring atoms include carbon, nitrogen and sulfur ring atoms. 
As Well knoWn in the art, a bond draWn from a particular 

atom Wherein no moiety is depicted at the terminal end of the 
bond indicates a methyl group bound through that bond to the 
atom, unless stated otherWise. For example: 

N represents 

CH3 

N CH3. 

It should also be noted that any heteroatom With unsatis?ed 
valences in the text, schemes, examples, structural formulae, 
and any Tables herein is assumed to have the hydrogen atom 
or atoms to satisfy the valences. 

Prodrugs and solvates of the compounds of the invention 
are also contemplated herein. The term “prodrug”, as 
employed herein, denotes a compound that is a drug precursor 
Which, upon administration to a subject, undergoes chemical 
conversion by metabolic or chemical processes to yield a 
compound of Formula 1 or a salt and/or solvate thereof. A 
discussion of prodrugs is provided in T. Higuchi andV. Stella, 
Pro-drugs as Novel Delivery Systems (1 987)Volume 14 of the 
A.C.S. Symposium Series, and in Bioreversible Carriers in 
Drug Design, (1987) EdWard B. Roche, ed., American Phar 
maceutical Association and Pergamon Press, both of Which 
are incorporated herein by reference thereto. 

Metabolic conjugates, for example, glucoronides and sul 
fates Which can under reversible conversion to compounds of 
Formula 1 are contemplated in this application. 

“Effective amount” or “therapeutically effective amount” 
is meant to describe an amount of compound or a composition 
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of the present invention effective to antagonize CXCR3 and 
thus produce the desired therapeutic effect in a suitable 
patient. 
“Mammal” means humans and other mammalian animals. 
“Patient” includes both human and animals. 
“Solvate” means a physical association of a compound of 

this invention With one or more solvent molecules. This 
physical association involves varying degrees of ionic and 
covalent bonding, including hydrogen bonding. In certain 
instances the solvate Will be capable of isolation, for example 
When one or more solvent molecules are incorporated in the 
crystal lattice of the crystalline solid. “Solvate” encompasses 
both solution-phase and isolateble solvates. Non-limiting 
examples of suitable solvates include ethanolates, methano 
lates, and the like. “Hydrate” is a solvate Wherein the solvent 
molecule is H2O. 

The compounds of Formula 1 form salts Which are also 
Within the scope of this invention. Reference to a compound 
of Formula 1 herein is understood to include reference to salts 
thereof, unless otherWise indicated. The term “salt(s)”, as 
employed herein, denotes acidic salts formed With inorganic 
and/ or organic acids, as Well as basic salts formed With inor 
ganic and/or organic bases. In addition, When a compound of 
Formula 1 contains both a basic moiety, such as, but not 
limited to a pyridine or imidaZole, and an acidic moiety, such 
as, but not limited to a carboxylic acid, ZWitterions (“inner 
salts”) may be formed and are included Within the term 
“salt(s)” as used herein. Pharmaceutically acceptable (non 
limiting example(s) include, non-toxic, physiologically 
acceptable) salts are preferred, although other salts are also 
useful. Salts of the compounds of the Formula 1 may be 
formed, for example, by reacting a compound of Formula 1 
With an amount of acid or base, such as an equivalent amount, 
in a medium such as one in Which the salt precipitates or in an 
aqueous medium folloWed by lyophiliZation. Acids (and 
bases) Which are generally considered suitable for the forma 
tion of pharmaceutically useful salts from basic (or acidic) 
pharmaceutical compounds are discussed, for example, by S. 
Berge et al, Journal ofPharmaceutical Sciences (1 977) 66(1) 
1-19; P. Gould, International J. ofPharmaceutics (1986) 33 
201-217; Anderson et al, The Practice ofMedicinal Chemis 
try (1996), Academic Press, NeW York; in The Orange Book 
(Food & Drug Administration, Washington, DC. on their 
Website); and P. Heinrich Stahl, Camille G. Wermuth (Eds.), 
Handbook of Pharmaceutical Salts: Properties, Selection, 
and Use, (2002) Int’l. Union of Pure and Applied Chemistry, 
pp. 330-331. These disclosures are incorporated herein by 
reference thereto. 

Exemplary acid addition salts include acetates, adipates, 
alginates, ascorbates, aspartates, benZoates, benZene 
sulfonates, bisulfates, borates, butyrates, citrates, camphor 
ates, camphorsulfonates, cyclopentanepropionates, diglu 
conates, dodecylsulfates, ethanesulfonates, fumarates, 
glucoheptanoates, glycerophosphates, hemisulfates, hep 
tanoates, hexanoates, hydrochlorides, hydrobromides, 
hydroiodides, 2-hydroxyethanesulfonates, lactates, maleates, 
methanesulfonates, methyl sulfates, 2-naphthalene 
sulfonates, nicotinates, nitrates, oxalates, pamoates, pecti 
nates, persulfates, 3-phenylpropionates, phosphates, picrates, 
pivalates, propionates, salicylates, succinates, sulfates, sul 
fonates (such as those mentioned herein), tartarates, thiocy 
anates, toluenesulfonates (also knoWn as tosylates,) unde 
canoates, and the like. 

Exemplary basic salts include ammonium salts, alkali 
metal salts such as sodium, lithium, and potassium salts, 
alkaline earth metal salts such as calcium and magnesium 
salts, aluminum salts, Zinc salts, salts With organic bases (for 
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example, organic amines) such as benZathines, diethylamine, 
dicyclohexylamines, hydrabamines (formed With N,N-bis 
(dehydroabietyl)ethylenediamine), N-methyl-D-glucam 
ines, N-methyl-D-glucamides, t-butyl amines, piperaZine, 
phenylcyclohexylamine, choline, tromethamine, and salts 
With amino acids such as arginine, lysine and the like. Basic 
nitrogen-containing groups may be quarterniZed With agents 
such as loWer alkyl halides (non-limiting example(s) include 
methyl, ethyl, propyl, and butyl chlorides, bromides and 
iodides), dialkyl sulfates (non-limiting example(s) include 
dimethyl, diethyl, dibutyl, and diamyl sulfates), long chain 
halides (non-limiting example(s) include decyl, lauryl, myri 
styl and stearyl chlorides, bromides and iodides), aralkyl 
halides (non-limiting example(s) include benZyl and phen 
ethyl bromides), and others. 

All such acid salts and base salts are intended to be phar 
maceutically acceptable salts Within the scope of the inven 
tion and all acid andbase salts are considered equivalent to the 
free forms of the corresponding compounds for purposes of 
the invention. 

Pharmaceutically acceptable esters of the present com 
pounds include the folloWing groups: (1) carboxylic acid 
esters obtained by esteri?cation of the hydroxy groups, in 
Which the non-carbonyl moiety of the carboxylic acid portion 
of the ester grouping is selected from straight or branched 
chain alkyl (for example, acetyl, n-propyl, t-butyl, or n-butyl), 
alkoxyalkyl (for example, methoxymethyl), aralkyl (for 
example, benZyl), aryloxyalkyl (for example, phenoxym 
ethyl), aryl (for example, phenyl optionally substituted With, 
for example, halogen, C l_4alkyl, or C 1_ 4alkoxy or amino); (2) 
sulfonate esters, such as alkyl- or aralkylsulfonyl (for 
example, methanesulfonyl); (3) amino acid esters (for 
example, L-valyl or L-isoleucyl); (4) phosphonate esters and 
(5) mono-, di- or triphosphate esters. The phosphate esters 
may be further esteri?ed by, for example, a Cl_2O alcohol or 
reactive derivative thereof, or by a 2,3-di(C6_24)acyl glycerol. 
Compounds of Formula 1, and salts, solvates, esters and 

prodrugs thereof, may exist in their tautomeric form (for 
example, as an amide or imino ether). All such tautomeric 
forms are contemplated herein as part of the present inven 
tion. 

All stereoisomers (for example, geometric isomers, optical 
isomers and the like) of the present compounds (including 
those of the salts, solvates, esters and prodrugs of the com 
pounds as Well as the salts and solvates of the prodrugs), such 
as those Which may exist due to asymmetric carbons on 
various substituents, including enantiomeric forms (Which 
may exist even in the absence of asymmetric carbons), rota 
meric forms, atropisomers, and diastereomeric forms, are 
contemplated Within the scope of this invention. Individual 
stereoisomers of the compounds of the invention may, for 
example, be substantially free of other isomers, or may be 
admixed, for example, as racemates or With all other, or other 
selected, stereoisomers. The chiral centers of the present 
invention can have the S or R con?guration as de?ned by the 
I UPAC 1974 Recommendations. The use of the terms “salt”, 
“solvate” “ester”, “prodrug” and the like, is intended to 
equally apply to the salt, solvate, ester and prodrug of enan 
tiomers, stereoisomers, rotamers, tautomers, racemates or 
prodrugs of the inventive compounds. 

It should also be noted that throughout the speci?cation 
and Claims appended hereto any formula, compound, moiety 
or chemical illustration With unsatis?ed valences is assumed 
to have the hydrogen atom to satisfy the valences unless the 
context indicates a bond. 

In one embodiment, the present invention discloses com 
pounds of Formula 1, having CXCR3 antagonist activity, or a 
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In another embodiment, R1 and R2 are independently 

absent or present, and if present each is independently 
selected from the group consisting of H, iCH3, iCZHS, 
di?uorophenylmethylene, cyclopropyl, dichlorophenylmeth 
ylene, iCH(CH3)2, cyclohexylmethylene, cyclohexyl, isox 
aZolyl, di?uorophenyl, iCHZCHZOH, 4CH24CH2iN 
(CH3))2, %<:0)N(H)cyc1opropy1, *C(:O)N<H)CZHS, 
iC(:O)N(H)CH2CF3, iC(:O)N(H)CH(CH3)2, 
iC(:O)N(H)C(CH3)3, 4C(:S)N(H)cyclopropyl, 
iC(:O)NH2, %(:O)N(H)CH3, iS(O)2CH3, iS(O)2 
N(CH3)2, *S<0)2CH2CH3, %(:O)CH3, *S(0)2(CH2)2 
CH3, iC(:O)N(H)cyclohexyl, 4C(:NH)NH2, 
iC(:O)N(H)NH2, thiaZolyl, 

H CH3 

: , F 
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-continued 

Q 0 NJ}; O:< 
NH A T1,]? 

In another embodiment, X is selected from the group con 

sisting of N, 0, ‘CH3, 4CH2i, iCH, iCH2CH3, 
4CH2CN, iNHZ, cyclopropyl, 

@133? 
In another embodiment, R3 is selected from the group 

consisting of H, alkyl, haloalkyl, hydroxyalkyl, halogen, 
iN(R3O)2, ADR3O and %F3. 

In another embodiment, R3 is selected from the group 
consisting of H, iCH3, iCH2CH3, cyclopropyl, iF, 4C1, 
OCH3, OCF3 and CF3. 

In another embodiment, R6 is selected from the group 
consisting of H, alkyl, halogen, hydroxyalkyl, iCN, 
iN(R3O)2, ADR”, iN:CH-alkyl, and iNR3OC(:O) 
alkyl. 

In another embodiment, R6 is selected from the group 
consisting of H, iNHZ, ‘CH3, 4CN and iF. 

In another embodiment, R7 and R8 are the same or differ 
ent, each being independently selected from the group con 
sisting of H, i(CH2)qOH, i(CH2)qOalkyl, i(CH2)qN(H) 
alkyl, i(CH2)qN(H)iS(O)2alkyl, and i(CH2)qN(H)i 
COiN(H)alkyl; or alternatively R7 and R8 taken together is 
:0, :N(OAlkyl), OI‘ :S. 

In another embodiment, R7 and R8 are the same or differ 
ent, each being independently selected from the group con 
sisting of H, iCH3, and iOH; or alternatively R7 and R8 
taken together With the carbon atom to Which R7 and R8 are 
shoWn attached, is 

O NOH NH 

CH3. 
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In another embodiment, R7 and R8 are each H; or alterna 
tively R7 and R8 taken together With the carbon atom to Which 
R7 and R8 are shoWn attached, is 

NOH 

In another embodiment, R10 is selected from the group 
consisting of H, alkyl, aralkyl, hydroxyalkyl, and carbonyl. 

In another embodiment, R10 is selected from the group 
consisting of ‘CH3, 4CH2CH3 and 4CH2CH2CH3, andm 
is 0-2. 

In another embodiment, R11 is selected from the group 
consisting of H, alkyl, hydroxyalkyl and carbonyl. 

In another embodiment, R1 1 is H or ‘CH3. 
In another embodiment, R12 is selected from the group 

consisting of H, CN, 4C(:O)N(R3O)2 and alkyl. 
In another embodiment, R12 is selected from the group 

consisting of H, iCH3, CN and 4CH2CH3. 
In another embodiment, the ring atoms of ring D are inde 

pendently C or N and substituted by independently selected 
1-4 R2O moieties. 

In another embodiment, ring D is a 5 to 6 membered aryl, 
heteroaryl, heterocyclenyl or heterocyclyl ring and substi 
tuted by independently selected 0-4 R2O moieties. 

In another embodiment, the R20 moieties can be the same 
or different, each being independently selected from the 
group consisting of H, alkyl, alkylaryl, alkynyl, alkoxy, alky 
lamino, alkylheteroaryl, alkylsul?nyl, alkoxycarbonyl, ami 
noalkyl, amidinyl, aralkyl, aralkoxy, aryl, aryloxy, cyano, 
cycloalkyl, cycloalkenyl, halogen, haloalkyl, haloalkoxy, het 
eroalkyl, heteroaryl, heterocyclyl, hydroxyalkyl, tri?urom 
ethyl, tri?uoromethoxy, i(CH2)qOR3 1, i(CH2)qNHR3 1, 

In another embodiment, the R20 moieties can be the same or 
different, each being independently selected from the group 
consisting of H, alkyl, alkylaryl, alkynyl, alkoxy, alkylamino, 
alkylheteroaryl, alkylsul?nyl, alkoxycarbonyl, aminoalkyl, 
amidinyl, aralkyl, aralkoxy, aryl, aryloxy, cyano, cycloalkyl, 
cycloalkenyl, halogen, haloalkyl, heteroalkyl, heteroaryl, 
heterocyclyl, hydroxyalkyl, tri?uromethyl, tri?uoromethoxy, 
i(CH2)qOR3 1, i(CH2)qNHR3 1, i(CH2)qC(:O)NHR3 1, 
i(CH2)qSO2R3l, i(CH2) NSO2R3l, i(CH2)q 
SO2NHR3 1, -all<ynylC(R3 l)ZOR?, %(:O)R3O, iC(:O) 
N(R3O)2, %(:O)OR3O, iN(R3O)2, iN(R3O)C(:O)R3l, 
iNHC(:O)N(R3O)2, iN(R3O)C(:O)OR3 1, iN(R3O)C 
(:NCN)N(R3°)2, *N(R3°)C<:0)N(R3°)2, *N(R3°)S02 
(R31), iN(R3O)SO2N(R3O)2, iOR3O, A)C(:O)N(R3O)2, 
iSR3O, iSO2N(R3O)2, iSO2(R3l), ADSOARM), and 
iOSi(R3O)3. 

In another embodiment, the R20 moieties can be the same 
or different, each being independently selected from the 
group consisting of H, alkyl, amino, halogen, CN, CH3, CF3, 
OCF3, i(CH2)qOR3l, i(CH2)qNHR3l, i(CH2)qC(:O) 
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In another embodiment, the R20 moieties can be the same 
or different, each being independently selected from the 
group consisting of H, alkyl, amino, halogen, CN, CH3, CF3, 
OCF3, i(CH2)qOR3l, i(CH2)qNHR3l, i(CH2)qC(:O) 
NHR3l, i(CH2)qSO2R3l, i(CH2)qNSO2R3l, i(CH2)q 
SOZNHR3 1, -alkynylC(R3 l)ZOR3 1, 4C(:O)R3O, iC(:O) 
0R”, iN(R3O)2, *N(R3°)C(:O)R31, iNHC(:O)N 
(R3°)2, iN(R3°)C(:O)OR31, iN(R3°)C(:NCN)N 
(R352, *N(R3°)C<:0)N<R3°)2, wRso. *0C(:0)N 
(R3O)2, and 4OSO2(R31). 

In another embodiment, the tWo R2O moieties are linked 
together to form a ?ve or six membered aryl, cycloalkyl, 
heterocyclenyl, heterocyclyl or heteroaryl ring Wherein said 
?ve or six membered aryl, cycloalkyl, heterocyclenyl, hetero 
cyclyl, and heteroaryl ring is fused to ring D and the fused ring 
is optionally substituted With 0 to 4 R21 moieties. 

In another embodiment, the R20 moieties can be the same 
or different, each being independently selected from the 
group consisting of H, ‘CN, iCH3, ‘C133, 4CH2OH, 
4CO2H, iCO2CH3, iNHZ, iNHCH3, 4OCF3, iOH, 
F, Cl, Br, 4C(:NOH)NH2, iOCH2CH2S(O2)CH3, 
4C(:O)NH2, 

& M 
N N 

/ , \N/N and N/ \CH3. 

In another embodiment, Y is selected from the group con 
sisting of: i(CHRl3),i, i(CRl3Rl3)ri, 4C(:O)i and 
%HRl3C(:O)i. 

In another embodiment, Y is selected from the group con 
sisting of: 4CH2i, iCH(CH3)i, iCH(CH2OH)i, 
%(:O)i and %H(CO2alkyl)-. 

In another embodiment, m is 0-3. 
In another embodiment, n is 0-2. 
In another embodiment, q is l, 2 or 3. 
In another embodiment, r is l or 2. 
In another embodiment: 
X is N (i.e., nitrogen); 
R1 and R2 are independently absent or present, and if 

present each is independently selected from the group con 
sisting of H, alkylaryl, aryl, heteroaryl, i(CH2)qCF3, 
i(CH2)qOH, i(CH2)qOR3 1, i(CH2)qNH2, i(CH2)q 
NHR3 1, i(CH2)qiN(R3 l)2, i(CH2)qC(:O)NHR3 1* 
(CH2)qSO2R3 li(CH2)qNHSO2R3 1, i(CH2)qSO2NHR3 1, 
i(CH2)q-amidinyl, amidinyl, alkylamidinyl, cyclopropyl, 
CH3-cyclopropyl, cyclopropylhydroxyl, cyclobutyl, 
cyclobutylhydroxy, cyclopentyl, and cyclopentylhydroxy; 

R3 is selected from the group consisting of H, alkyl, 
haloalkyl, hydroxyalkyl, halogen, iN(R3O)2, 4OR3O and 
‘C133; 

R6 is selected from the group consisting of H, alkyl, halo 
gen, hydroxyalkyl, ‘CN, iN(R3O)2, 4OR3O, iN:CH 
alkyl, and iNR3OC(:O)alkyl; 

R7 and R8 are independently selected from the group con 
sisting of :O, :8, :NH, :NOH, and :N(OAlkyl); 

R10 is selected from the group consisting of H, alkyl, 
aralkyl, hydroxyalkyl, and carbonyl; 
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R11 is selected from the group consisting of H, alkyl, 
hydroxyalkyl, and carbonyl; 

R12 is selected from the group consisting of H, CN, 
iC(:O)N(R3O)2 and alkyl; 

ring D is a 5 to 6 membered aryl, heteroaryl, heterocycle 
nyl, or heterocyclyl ring and substituted by 0-4 R2O moieties; 

the R20 moieties can be the same or different, each being 
independently selected from the group consisting of H, alkyl, 
amino, halogen, CN, CH3, CF3, OCF3, i(CH2)qOR3 1, 
i(CH2)qNHR3 1, i(CH2)qC(:O)NHR3 1, i(CH2)q 
SO2R3l, i(CH2)qNSO2R31, i(CH2)qSO2NHR3l, -alky 
nylC(R3 l)2OR3 1, %(:O)R3O, %(:O)OR3O, iN(R3O)2, 
iN(R3O)C(:O)R3l, iNHC(:O)N(R3O)2, iN(R3O)C 
(:O)OR3 1, iN(R3O)C(:NCN)N(R3O)2, iN(R3O)C(:O) 
N(R3O)2, iOR3O, A)C(:O)N(R3O)2, 

N 
6 \N N u 
/ 7 

Y is selected from the group consisting of: 4CH2i, 
iCH(CH3)i, %H(CH2OH)i, iC(:O)i and %H 
(cozalkyly; 
m is 0-2; 

n is 0-2; 

q is l or 2; and 

r is l or 2. 

In another embodiment: 

X is N; 
R1 and R2 are independently absent or present, and if 

present each is independently selected from the group con 
sisting of H, alkylaryl, ar3yll, heteroaryl, i(CH2)qCF3, 
i(CH2)qOH, i(CH2)qOR , i(CH2)qNH2, i(CH2)q 
NHR31, *(CH2)q*N(R3l)2, *(CHZ)?C(IO)NHR3I, 
i(CH2)qSO2R3l, i(CH2)qNHSO2R3 , i(CH2)q 
SO2NHR31, i(CH2)q-amidinyl, cyclopropyl, cyclopropyl 
hydroxyl, cyclobutyl, cyclobutylhydroxy, cyclopentyl, and 
cyclopentylhydroxy; 

R3 is selected from the group consisting of H, alkyl, 
haloalkyl, hydroxyalkyl, halogen, *N(R3O)2, 40R“) and 
i 3; 

R6 is selected from the group consisting of H, alkyl, halo 
gen, hydroxyalkyl, iCN, iN(R3O)2, 40R“), iN:CH 
alkyl, and iNR3OC(:O)alkyl; 

R7 and R8 are independently selected from the group con 
sisting of :O, :8, :NH, :NOH, and :N(OAlkyl); 

R10 is selected from the group consisting of H, alkyl, 
aralkyl, hydroxyalkyl, and carbonyl; 

R11 is selected from the group consisting of H, alkyl, 
hydroxyalkyl, and carbonyl; 

R12 is selected from the group consisting of H, CN, 
iC(:O)N(R3O)2 and alkyl; 

ring D is a 5 to 6 membered aryl, heteroaryl, heterocycle 
nyl, or heterocyclyl ring and substituted by 0-4 R2O moieties; 
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H 

G KN N u 
/ , \N/N, 

Y is selected from the group consisting of: iCH2i, 
%H(CH3)i, %H(CH2OH)i, iC(:O)i and %H 
(cozalkyly; 
m is 0-2; 

n is 0-2; 

q is l or 2; and 

r is l or 2. 

In another embodiment, the compound of Formula 1 is 
represented by the folloWing structural formula: 

Wherein the Various terms are as de?ned hereinbefore. 

In still yet another embodiment of the present invention, a 
compound of the invention is selected from the folloWing 
structures (all Valences/bonds not shoWn are assumed to be 
hydrogen): 




































































































































































































































































